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Spin dynamics of the ferromagnetic superconductor UGe2
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Inelastic neutron scattering was used to study the low energy magnetic excitations of the ferromag-
netic superconductor UGe2. The ferromagnetic fluctuations are of Ising nature with a non-conserved
magnetization and have an intermediate behavior between localized and itinerant magnetism.
PACS numbers: 74.70.Tx, 75.40.Gb, 78.70.Nx
Superconductivity occuring close to an antiferromag-
netic quantum critical point is now well documented. In
the magnetically mediated model for superconductivity,
the formation of Cooper pairs is also expected close to a
low temperature ferromagnetic transition. But it is only
very recently that the first experimental evidence for the
coexistence of ferromagnetism and bulk superconductiv-
ity was found in UGe2 under pressure [1, 2]. At 12 kbar,
the superconducting transition temperature is maximum
(Tc ≈ 0.7 K) while the ferromagnetism remains strong
with TCurie ≈ 30 K and a magnetic moment of 1 µB.
Given the large internal field, triplet superconductivity is
likely. In order to get a microscopic insight into this new
physics, we have performed inelastic neutron scattering
(INS) experiments on a single crystal of UGe2 using the
cold three axis spectrometer IN14 at the Institut Laue
Langevin, France. UGe2 crystallizes in the Cmmm space
group with a=3.99 A˚, b=15.04 A˚ and c=4.09 A˚.
Quasielastic scattering corresponding to critical and
paramagnetic scattering was measured in the range 20-
70 K. Typical spectra obtained at T=65 K are shown
in Fig.1 for Q=(0, 0, 1.02) and Q=(0, 0, 1.08) (Here,
Q=τ+(qh, qk, ql), where τ is a Bragg peak and each co-
ordinate expressed in reciprocal lattice units). Most data
were taken along the c-axis and in the following, we write
q = ql. The data were fitted using the double Lorentzian
form :
χ′′(q, ω) =
χ0
1 + (q/κ)2
ωΓq
ω2 + Γq
2
(1)
with χ0 the bulk susceptibility, κ the inverse correlation
length and Γq the relaxation rate. The first fraction in
(1) is the q-dependent susceptibility χq. Details of the
data analysis and results are given elsewhere [3]. For
each temperature, Γq is directly obtained from constant
q scans ; κ and χ0 are deduced by a fit of χq (obtained
by integrating over energy χ′′(q, ω)/ω). Here, we empha-
size the main points [3]. i) Only longitudinal fluctuations
were observed confirming the Ising nature of the system.
ii) These fluctuations are observed both above and below
TCurie and no new Goldstone modes are observed below
TCurie. iii) the product Γqχq is independent of temper-
ature above TCurie but drops when T decreases below
TCurie. iv) Except at TCurie, it is found that the magne-
tization is not conserved, in other words the relaxation
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FIG. 1: Energy response of the magnetic signal for
Q=(0,0,1.02) and Q=(0,0,1.08) at T=65 K. Lines correspond
to fit to Lorentzian functions as described in the text. The
lower solid line denotes the background estimated from mea-
surements performed at 1.5 K. The narrow central peak cor-
responds to incoherent background.
rate Γq is finite in the limit q ≈ 0. In this short paper, we
focus on the relationship above TCurie between the relax-
ation rate and the inverse correlation length and compare
this with the predictions for dynamical scaling theory for
kinetic Ising model with a non-conserved magnetization
[4]. In [3], it was shown that χ0κ
2 is independent of
temperature. Above TCurie, χ0Γ0 is also temperature in-
dependent (at q=0 as for any q value). We then have
Γ0 = aκ
2. Such a relation is shown in Fig.2 where T
is an implicit parameter. The best fit is obtained with
a=50(1) meV(r.l.u.)−2. Such a relation is also found for
a non-conserved Ising model [4] and implies that the dy-
namical exponent z equals two in UGe2 (Γ0 = aκ
z). The
q 6= 0 generalization of such a law is the scaling form
Γq = Aq
zf(κ/q). The result of such an analysis based on
the collapse onto a single curve of data obtained at 55,
60, 65 and 70 K is shown in Fig.3 with f(x) = 1 + x2,
z=2 and A=49(1) meV(r.l.u.)−2. There is a very good
agreement between the determination of a and A (a is
determined from a subset of data with q=0). Such plots
have also been made for metallic Heisenberg ferromag-
nets, but with z=2.5 as expected from dynamical scaling
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FIG. 2: Γq at q=0 as a function of κ
2, where temperature is
an implicit parameter. The line is a linear fit to the data.
theory for that case [4]. The same scaling function f
was applied to MnSi [5], CoS2[6] and Ni3Al[7]. In these
compounds it was argued that the form of f is related
to the itinerant character of the system and contrasts
with the form expected for localized systems where f is
experimentally found to be close to that calculated by
Re´sibois-Piette [8]. For UGe2, the z and f used to de-
scribe the data simply correspond to Γq = A(κ
2 + q2),
with all the temperature dependence included in κ.
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FIG. 3: Γq/q
2 as a function of κ/q. The line is a fit to the
data using dynamical scaling theory as explained in the text.
In the study of the Heisenberg ferromagnets, focus was
also given to the quantity κ0 defined by the tempera-
ture variation of the inverse correlation length, κ(T )2 =
κ20(T/TCurie − 1)
2ν above TCurie. For UGe2, we found
ν=0.5 and κ20 ≈ 0.08 A˚
−2 [3]. The quantities κ0 and A
characterize the extension of the spin fluctuations in q
and ω space respectively. In itinerant systems, the ex-
tension is narrow in q space and wide in ω space [9].
To this respect, κ20 is small as in the itinerant system
MnSi ( 0.035 A˚−2 [5]) while it is generally larger in lo-
calized systems (0.41 A˚−2 in EuO, 1.1 A˚−2 in Fe). The
ratio A/TCurie is also usually used to describe the en-
ergy spread of spin fluctuations [6, 9]. For UGe2, we
found A/TCurie ≈ 0.9 meV/K. In fact to compare with
Heisenberg systems, A must be re-scaled to A′ in or-
der to take into account the difference in z between ki-
netic Ising and Heisenberg systems (e.g. A′q2.5ZB = Aq
2
ZB
where qZB is the zone boundary wave-vector). After
such a phenomenological correction, the ratio A′/TCurie
for UGe2 (1.3 meV/K) is about twice the one of EuO
(0.77 meV/K) and half the one of MnSi (3.3 meV/K).
This intermediate behavior between localized and itiner-
ant magnetism was also pointed out in the study of the
temperature variation of the order parameter for several
pressures [11].
The spin dynamics of UGe2 is of fundamental interest
for magnetism by itself since there are a few detailed INS
studies on Ising ferromagnets [12]. Considering UGe2 as
such a model system above TCurie, the prediction of dy-
namical critical phenomena for the kinetic Ising model
with a non-conserved magnetization are experimentally
verified as shown by the scaling of the neutron linewidth
implying a dynamical exponent, z=2. As concerns su-
perconductivity, microscopic parameters like Γq and κ0
are necessary inputs in the theory of magnetically medi-
ated superconductivity [13]. The Ising fluctuations favor
triplet superconductivity together with the rather low
value of κ0. However the evolution of these parameters
as a function of pressure in the range where supercon-
ductivity occurs has to be measured.
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